. Orchardgrass is commonly recommended 2000a , 2000b Sanderson et al., 2003) .The objective of for pastures in this region because of its better drought the current study was to develop similar information tolerance and winter hardiness compared with perennial for selected temperate perennial grasses. We conducted ryegrass (Van Santen and Sleper, 1996 ; Christie and growth chamber and greenhouse experiments to examMcElroy, 1994). Producers, however, may prefer perenine seedling morphology of grasses when planted at nial ryegrass because of its greater nutritive value and establishment ability compared with other grasses. Praiseveral depths followed by two field experiments in riegrass has been investigated as an alternative pasture different environments to examine emergence and seedspecies because of its extended growth in the fall and ling structure under field conditions. rapid spring growth (Hall et al., 1996; Sanderson et al., 2002) . Bromus stamineus Desv., recently introduced as MATERIALS AND METHODS a cool-season grass for pastures, has been reported to be more tolerant of drought and hard grazing than praiGreenhouse and Growth Chamber Trials riegrass (Stewart, 1992) .
mesocotyl width, which resulted in greater shoot strength to penetrate the soil.
Previously, we developed new information on alternative forages, such as chicory (Cichorium intybus L.) and C ool-season grasses predominate in the pastures narrowleaf plantain (Plantago lanceolata L.), for use and haylands of the northeastern USA (Baylor and in complex pasture mixtures (Sanderson and Elwinger, Vough, 1985) . Orchardgrass is commonly recommended 2000a , 2000b Sanderson et al., 2003) .The objective of for pastures in this region because of its better drought the current study was to develop similar information tolerance and winter hardiness compared with perennial for selected temperate perennial grasses. We conducted ryegrass (Van Santen and Sleper, 1996 ; Christie and growth chamber and greenhouse experiments to examMcElroy, 1994) . Producers, however, may prefer perenine seedling morphology of grasses when planted at nial ryegrass because of its greater nutritive value and establishment ability compared with other grasses. Praiseveral depths followed by two field experiments in riegrass has been investigated as an alternative pasture different environments to examine emergence and seedspecies because of its extended growth in the fall and ling structure under field conditions. rapid spring growth (Hall et al., 1996; Sanderson et al., 2002) . Bromus stamineus Desv., recently introduced as MATERIALS AND METHODS a cool-season grass for pastures, has been reported to be more tolerant of drought and hard grazing than praiGreenhouse and Growth Chamber Trials riegrass (Stewart, 1992) .
In the growth chamber, three seeds of each grass cultivar Recent ecological research indicates that plant species (Table 1) were planted at 1-, 3-, or 6-cm depths in 5-cm-diam. diversity in temperate grasslands may benefit ecosystem by 21-cm-deep containers filled with sand. The containers productivity through more efficient nutrient use, faciliwere packed to a bulk density of 1. The field experiments were analyzed humidity ranged from 10 (day) to 100% (night). Natural light separately because of missing data from the orchardgrass treatwas supplemented (but the natural daylength was not exments in the September trial. Planned comparisons were used tended) with artificial light from 400-W lamps providing 260 to compare treatment means. Contrasts were Matua prairiemol PPFD m Ϫ2 s Ϫ1 at plant height during the experiment.
grass ϩ 'Gala' bromegrass vs. the perennial ryegrass cultivars; Red/far-red ratio of the supplemental light was 1.61 compared Matua ϩ Gala vs. the orchardgrass cultivars; Matua vs. Gala; with 1.31 for natural-light levels. Plants were watered once orchardgrass vs. perennial ryegrass; 'Pennlate' orchardgrass daily, and no additional nutrients were added.
vs. 'Dawn' orchardgrass; diploid perennial ryegrass vs. tetraThe date of seedling emergence was recorded for each ploid perennial ryegrass; and medium-maturity cultivars of container in both trials. At 14 d after planting, the number of perennial ryegrass vs. late-maturity cultivars. Statistical signifileaves and tillers per plant were counted, plants were removed cance was declared at P Ͻ 0.05, unless otherwise indicated. from the container, and the soil was washed from the roots in cold running water. Leaf area was determined with a
RESULTS AND DISCUSSION
LI-COR 3000 leaf area meter (LI-COR, Lincoln, NE). Root length was measured from the crown node to the tip of the Greenhouse and Growth Chamber Trials longest root. Mesocotyl and epicotyl (first leaf internode) length were measured if elongated. The shoots and roots were
In both trials, the main effects of planting depth and separated at the coleoptilar node and dried at 55ЊC for 48 h grass cultivar were significant for nearly all seedling to determine the dry mass. Width of the coleoptile from seedattributes measured. There were a few instances of lings at the 1-cm depth was measured in the growth chamber depth ϫ cultivar interactions; however, these were trial. Width was measured at the base, midpoint, and top of caused by small changes in magnitude of response (easthe coleoptile and the measurements averaged.
ily detected with 15 replicates) and not by changes in the direction of response. Therefore, we focus on the Field Trials main effects. bromegrass, followed by perennial ryegrass and orchardBromegrass seedlings had fewer roots but greater root grass.
mass and length than perennial ryegrass and orchard- Hoshikawa (1969) classified the seedling morphology grass (Table 4) . Orchardgrass seedlings had fewer roots of grass species and described six types of underground and less root mass and length than perennial ryegrass. seminal structures based on the presence or absence Within the ryegrasses, the medium-maturity cultivars of mesocotyl elongation, nodal roots, and mesocotylar (Aubisque and Mongita) had more and heavier roots roots. Bromus and Lolium species were classified by than the late-maturity cultivars (Madera and Moranda). Hoshikawa (1969) as Type B Festucoid seedlings, which
The tetraploid ryegrass cultivars had greater root mass elongate the mesocotyl but have no mesocotylar roots. than diploid cultivars. Orchardgrass cultivars did not Dactylis sp. was classified as a Type D Festucoid seeddiffer in root attributes. ling, which elongates the mesocotyl but has no transiPlanting depth had fewer significant effects on root tional nodal or mesocotylar roots. We did not observe than shoot attributes. Root mass for all grasses was the mesocotylar roots on seedlings of any species. In our least at the 6-cm planting depth, whereas root number study, however, Gala bromegrass and Matua praiwas not affected by planting depth (Table 4) . Root riegrass (both Bromus species) did not elongate the length decreased with increased planting depth in the mesocotyl and appeared to be more like Type A seedgrowth chamber. In the greenhouse, however, root lings (those that do not elongate the mesocotyl) rather length did not change with planting depth. than Type B seedlings as described by Hoshikawa
Most of the differences in seedling attributes among (1969) .
orchardgrass and perennial ryegrass cultivars in the conSeedlings of Gala bromegrass and Matua prairiegrass trolled environments could be explained by differences had larger leaves but fewer tillers than perennial ryein seed mass. When Gala bromegrass and Matua praigrass in both the growth chamber and the greenhouse riegrass were excluded from the analysis, nearly all seedtrials (Table 3) . Orchardgrass had the smallest seedlings ling attributes were positively correlated with seed mass among the grasses studied, and there was no difference (Table 5) . The relationship between seed mass and seedbetween cultivars. Seedlings of tetraploid ryegrass cultiling size has been noted for several other grasses as vars generally were larger in leaf area and leaf mass well (Naylor, 1980; Fulbright et al., 1985 ; Kilcher and than diploid cultivars, and medium-maturity cultivars Lawrence, 1970). often were larger than late-maturity cultivars. Increased planting depth reduced seedling size by reducing the
Field Trials number and size of leaves along with tiller numbers by
There was no depth ϫ cultivar interaction for seedling 15 to 30%. Deeper planting may have inhibited the attributes in the July trial. Because the orchardgrass coleoptile tiller of the grass seedlings, thereby reducing tiller number (Raju and Steeves, 1998).
cultivars did not emerge from the 6-cm planting depth in September, we present the simple effects means for emerge from the 6-cm depth in September but averaged 10% emergence from the 6-cm planting depth in July. seedling attribute data for that trial.
Emergence of all species and cultivars was reduced Emergence of all grasses was drastically reduced at the 6-cm planting depth. Ploidy level of the perennial ryeas planting depth increased in both July and September field experiments (Table 6 ). Emergence of grasses from grass cultivars did not affect seedling emergence in the field. Improved seedling emergence was reported for the 3-and 6-cm depths was much less in September than July. Dawn and Pennlate orchardgrass did not tetraploid cultivars compared with diploid cultivars in Russian wildrye [Psathyrostachys juncea (Fisch.) Nevski], which was due to a 70% greater seed mass in the tetraploid cultivars (Berdahl and Ries, 1997) . Seed mass of tetraploid perennial ryegrass cultivars in our study was 41% greater than the diploid cultivars. The period of most rapid increase in seedling emergence in the July planting occurred at 5 to 8 d after planting (data not shown). In July, a total of 4.7 cm of rain fell within 7 d after planting, and this early rainfall probably maintained soil moisture at greater depths for several days. Dry conditions before the 1 September planting (5 cm of rain fell on 10 August and 1 cm on 14 August, and no rain fell from 14 August to 2 September; Fig. 1 ) and relatively low rainfall during the fall trial overall emergence compared with the July planting. The light rains that occurred during the September trial ture in July and September (Table 7) . Similar to conprobably wetted only the surface few centimeters and trolled-environment results, Matua and Gala bromedid not benefit the seeds planted at 6 cm.
grass had the largest seedlings in the July planting, Cultivar and planting depth affected seedling strucfollowed by ryegrass and orchardgrass. Orchardgrass Within perennial ryegrass and orchardgrass cultivars, between seed mass and coleoptile width observed by others may not be applicable to nonirrigated seedbeds. seedling size and structure were positively correlated with seed mass in both field plantings (r ϭ 0.8 to 0.9, P Ͻ 0.05), similar to results in the controlled-environment CONCLUSIONS trials. Seed mass, however, did not explain differences Grass seedling size and emergence decreased with in emergence. Dawn orchardgrass had emergence simiplanting depth, and responses were similar among orlar to the ryegrass cultivars in July even though seed chardgrass, perennial ryegrass, Gala bromegrass, and mass of orchardgrass was half that of ryegrass. Gala Matua prairiegrass. Coleoptile width was not associated bromegrass and Matua prairiegrass, which had the with seedling emergence in this study. Gala and Matua greatest seed mass, had relatively low emergence comappeared more like Type A seedlings (those that do not pared with the ryegrass cultivars in July. Despite having elongate the mesocotyl) in terms of seedling morpholthe greatest seed mass and coleoptile width, Gala ogy rather than Type B seedlings (those with mescotyl bromegrass and Matua prairiegrass did not have greater elongation) as reported by others. Although perennial emergence than other grasses in the field. Coleoptile ryegrass, Matua, and Gala had similar emergence to width was not correlated with seedling emergence (July orchardgrass at different planting depths, their larger planting, r ϭ Ϫ0.25, P ϭ 0.54; September planting, r ϭ seedling size compared with orchardgrass may competi-0.54, P ϭ 0.17).
tively displace orchardgrass seedlings in mixed plantings. Our results differ from Andrews et al. (1997) , who reported that Matua prairiegrass had greater emergence REFERENCES than perennial ryegrass and orchardgrass at 1-, 3-, or
